Most nereid polychaetes are strictly semelparous, a single episode of reproduction being invariably followed by death. Endocrine manipulation in Nereis diversicolor by the regular inplantation of cerebral ganglia from immature donors unveils characteristics associated with a capacity to engage in repeated gametogenic cycling. Such manipulation permits full maturation ofthe gametes but blocks spawning. Gamete resorption then leads on to another bout of gametogenesis and a new cohort of gametes is formed. The neurosecretory system adopts a cyclical pattern of activity, which parallels that of gametogenesis. Repair and maintenance of the soma continue throughout sexual maturation, as shown by the persistence of feeding and the capacity for regenerative segment proliferation. In consequence, life is extended apparently indefinitely. These latent capacities are reminiscent of features of iteroparous life histories, characterized by repeated breeding, and are postulated to be vestiges of an iteroparous ancestry. They also constitute a preadaptation for Iteroparity and reveal how readily a reversal to this condition could occur. The study suggests that reproductive strategies may be unexpectedly labile in even their most fundamental aspects.
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Two fundamentally distinct types of reproductive strategy are encountered among multicellular organisms, involving a single breeding episode or repeated episodes. A semelparous (1) [monotelic (2) or, in plants, monocarpic (3) ] strategy involves an extreme form of "reproductive recklessness" (4), with resources being diverted from the soma for investment in reproduction on a scale that apparently precludes the possibility of survival by the parent [see review by Stearns (5) ]. Semelparous organisms provide valuable models for the study of senescence because of the rapid and highly deterministic character of the process in these organisms. In contrast, an iteroparous (polytelic; polycarpic) life history involves repeated bouts ofreproductive activity during which repair and maintenance of the soma are maintained; the progress of senescence and the time ofdeath are not precisely "programmed."
Most nereid polychaetes are strictly semelparous. Stages of larval and juvenile development are followed by a prolonged period of gametogonial proliferation resulting, in females, in the presence of oocytes at diverse stages of development (6) . The final stages of oogenesis involve a process of "cohort formation," during which small oocytes disappear and all the gametes attain their full size, leading by a process of cytoplasmic transformation to the production of mature, fertile oocytes. The final stages of spermatogenesis involve the initiation of meiosis and the breakup of spermatocyte clusters to form motile spermatozoa. Mature nereids cease feeding and lack the capacity to regenerate caudal segments (7) . In both sexes, gamete maturation is rapidly and invariably followed by spawning and death. In most species, although not in the estuarine Nereis diversicolor, sexual maturation is accompanied by somatic metamorphosis, or epitoky [see review by Clark (8) ], fitting the animals to leave their burrows and take up a brief pelagic existence during which they swarm and spawn in the sea.
Growth, gametogenesis, and metamorphosis in nereids have long been known to be subject to the influence of a hormone [ref. 9 ; see review by Bentley and Pacey (10)] produced by the cerebral neuroendocrine system [see review by Golding (11) ]. The hormone is indispensable for segment regeneration and has a complex action on gametogenesis. A gametotrophic aspect is evidenced by the dependence of young oocytes on the hormone for their normal development. An inhibitory aspect is also prominent; decerebration may provoke precocious maturation and this "l'effet Durchon" (12) can be blocked by replacement therapy. During the early stages of life, cerebral endocrine activity is high; its later reduction results, at least in part, from the accumulation of maturing gametes, an effect mediated by a chemical factor. Secretory activity is virtually extinguished prior to death (7) .
The level of endocrine activity of a transplanted cerebral ganglion initially reflects the level in situ (7) and this intrinsic rate of activity is maintained for a prolonged period (some months) after implantation into a host at a different stage (13, 14) . Consequently, in view of the well established inhibitory action of the brain hormone, we anticipated that the final stage of gametogenesis would be blocked indefinitely by the regular implantation of ganglia from immature donors. In contrast, exploratory investigations revealed that gamete maturation proceeded normally, with at most a brief delay (details will be reported elsewhere). However, such manipulation completely blocked spawning and, during the extended life of the specimens, resorption of the gametes was observed.
Resorption of unspawned gametes is a characteristic of the reproductive strategies of iteroparous polychaetes (15) . However, its adaptive significance for N. diversicolor seemed difficult to understand-it is not, apparently, a feature of the life of this species in nature. We therefore decided to determine whether other capacities reminiscent of those associated with iteroparity are latent within this species.
MATERIALS AND METHODS
Specimens of N. diversicolor were collected from the River Blyth, Northumberland. The sex and stage ofdevelopment of each animal and the condition of the gametes were determined by microscopic examination of a sample of coelomic fluid (the various stages of oogenesis that can be distinguished, including that at which the oocytes are considered to be fully mature, are specified in ref. 7) . Experiments were set up in the fall and winter using large specimens due to breed the following spring (6) . In the fall, such animals, if female, contain a large but heterogeneous population of oocytes; if male, the coelom contains myriads of spermatogo-
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Endocrine manipulation involved the intracoelomic implantation of two cerebral ganglia removed from small, immature donors (females with a maximum oocyte diameter of <100 l&m, due to breed at least 1 year after the hosts) into each large host at bimonthly intervals. Implanted specimens and sham-operated controls were maintained at 10'C unless otherwise stated and were fed weekly with a proprietary fish food.
The endocrine activity of cerebral ganglia was assayed by implantation into decerebrate, immature, female hosts from which all but the first 30 segments had been amputated. The hosts were then maintained together at 20'C for 3 weeks. Actively secreting ganglia exhibit gametotrophic activity, maintaining host oocytes with a normal cytology, and induce prolific segment regeneration. Inactive ganglia lack gametotrophic activity and induce little regeneration (see ref. 7) .
The feeding activity of manipulated specimens was monitored by direct observation ofthe behavior and by noting the disappearance ofthe food and the appearance offecal pellets. Regenerative ability was investigated by removal of all but the first 40 segments. After 2 months, the numbers of segments regenerated-i.e., in the first bout of regeneration-were counted. All segments regenerated, plus one old segment, were then amputated and, after a further 2 months, the numbers of segments proliferated in the second bout were counted.
RESULTS
Gametogenic Cycling. Specimens subjected to regular ganglion implantation proceed normally through the processes of cohort formation (see above) and final gamete maturation (further details will be provided elsewhere). They fail to spawn, although large numbers of gametes may be lost from the coelom during ganglion implantation and coelomic sampling. Subsequently, they invariably proceed to resorb their gametes. This process is frequently followed by initiation of a new cycle of gametogenesis (Table 1 ; Fig. 1 ), often after an asexual phase, bringing the specimens back toward the stage in the gametogenic cycle at which the experiment had started. The reappearance of young gametes in the coelom is poorly synchronized between individuals.
Life in manipulated nereids is apparently prolonged indefinitely, although attrition occurs due to mortality associated with infection, damage inflicted by the regular implantation procedure, or development of large accumulations of degenerating gametes that may occlude the coelom.
In another experiment commenced in the fall, one group of eight females was subjected to regular ganglion implantation and maintained under near ambient conditions throughout Endocrine Reactivation. In an experiment set up in the fall, we investigated (i) whether the ganglia of manipulated specimens are inactivated during gamete maturation and (ii) whether the system is reactivated when the animals have resorbed their unspawned gametes and returned to a sexually immature condition.
Four months after the start of the experiment, coelomic sampling confirmed that all the specimens contained homogeneous populations of mature gametes. The specimens were then randomly divided into two groups and the ganglia (i.e., their own ganglia, not those implanted within them) of the first group of 10 were assayed for endocrine activity. All the ganglia (Table 2 , mature) were virtually inactive as judged by their failure either to exhibit gametotrophic activity or to induce prolific segment regeneration. The ganglia of newly collected, immature animals ( Table 2 , immature) were assayed at the same time for comparison; all were found to be highly active on both counts, confirming the validity of the assay procedure.
The second group of manipulated specimens (n = 20) were maintained for an additional 4 months-i.e., well beyond the normal period of spawning and death, during which gamete resorption occurred. The ganglia of those remaining alive (Table 2, postmature) were then assayed. A significant proportion (6 of 14) were shown to have a high level of endocrine activity; they exhibited gametotrophic activity and induced prolific regeneration. The other eight had remained inactive asjudged by both criteria. A control was provided by a group of decerebrate, immature specimens that received no ganglionic implants (Table 2 , none). All of these lacked any source of gametotrophic activity and regenerated few segments, when it had virtually ceased, immature ganglia were implanted. Feeding was resumed, whereas the behavior failed to reappear in the controls. Another experiment revealed that feeding can be resumed even after the climax of gamete maturation, when it has been extinguished for more than a month. Four of five specimens reacted positively to manipulation, and three were still feeding 4 months later, 3 months after the death of the five controls. However, feeding is irretrievable once spawning has commenced (five experimental specimens). When implantation was commenced before feeding ceased (e.g., in the endocrine reactivation experiment), this behavior continued without intermission throughout the period of cohort formation and gamete maturation.
The loss of regenerative ability during maturation can also be reversed (at least in part) by endocrine manipulation ( Table 3 ). Whereas the ability had been extinguished in controls, no less than 15 cases were recorded, in relation to animals receiving implants of cerebral ganglia, in which the number of segments regenerated by an individual in a single bout of regeneration exceeded six. These experiments reveal a latent capacity to sustain repair and maintenance of the soma throughout gamete growth and maturation.
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Hypotheses involving contributions to individual fitness are generally regarded as being ofgreater validity (25) and, in the context of life history theory, usually involve the idea of trade-offs between individually advantageous but mutually incompatible features (26) . The neglect of somatic repair and maintenance during the breeding season in nereids may reasonably be interpreted in this way. Feeding in N. diversicolor typically involves extending the body from the mouth of the burrow, rendering the animal vulnerable to predation by birds. Such behavior on the part of a sexually mature nereid would, for small potential gain, place at risk the resources accumulated during the entire lifetime; consequently, the abandonment of feeding may well enhance individual reproductive potential. Similarly, somatic regeneration in a sexually mature, semelparous annelid would require investment of resources but could contribute nothing to fecundity-regenerated segments would have no opportunity to engage in gametogenesis (27) .
Significance of Semelparity in Nereis. In the natural environment, N. diversicolor is semelparous. Once individuals in the population under study embark on the final stages of gametogenesis, the process is apparently irreversible; a homogeneous cohort of mature gametes is produced, cerebral endocrine activity is driven ever lower, and somatic support and repair are neglected (feeding ceases, regenerative ability is extinguished). (15) . Clearly, the germinal epithelium retains the capacity to produce a new generation of gametes-a capacity that is not, apparently, normally utilized. Similarly, the endocrine system adopts a cyclical pattern of secretion, in step with the cycles ofgametogenesis, which is identical to those involved in the production of maturation-inhibiting hormones in iteroparous syllid polychaetes (29) and nemertines (12) . In the long-term experiment reported above, the endocrine system would have passed through two complete cycles-activity being initially high during gamete proliferation but extinguished during maturation-during successive breeding seasons. Last, manipulated specimens can sustain repair and maintenance of the soma throughout sexual maturation, as in iteroparous annelids (27) .
Charnov and Schaffer (30) asserted that a semelparous strategy, which maximizes the allocation of resources to reproduction on a single occasion at the expense of the life of the parent, is of selective value when there is a low probability of adult survival to breed again. Salmon and eels, which undertake risky and strenuous journeys upstream to spawn, and semelparous marsupial mice (20) exemplify this connection. Marine nereids, which abandon their comparatively protected, benthic habitat to swarm and spawn in the sea as pelagic epitokes (8) , are self-evidently in the same situation. N. diversicolor does not show epitoky and individuals probably spawn within their burrows (a pattern presumably linked to their estuarine habitat), but in its semelparous reproductive strategy, the species reveals its recent evolutionary history [review by Clark (8) ].
Semelparity may, like asexuality, facilitate the exploitation of opportunities for rapid population growth. In contrast, iteroparity is thought to reduce the chances of extinction by a process of reproductive bet-hedging (reviewed in ref. 5, pp. 192-198) . However, nereids engage in their own form of bet-hedging in that animals produced in any given season do not develop as a single cohort but diverge to breed during several successive seasons (6) . Thus, although an individual breeds only once, the genes it bequeaths to its offspring are, like those it shares with its siblings, involved in reproduction during several seasons.
According to Cole (1) , "one feels intuitively that natural selection should favor the perennial reproductive habit" and iteroparity is commonly regarded as the more effective breeding strategy. In contrast, we postulate that the latent capacities of Nereis for gametogenic cycling, etc., are echoes of a more distant, iteroparous ancestry-i.e., that semelparity in these animals is a secondary, specialized condition that has evolved from iteroparity, capacities associated with which remain in vestigial form. Consistent with this interpretation is the fact that the great majority of the near relatives of the Nereidae are iteroparous and, since Nautilus has an extended and probably iteroparous life history (31) , the semelparity that characterizes most advanced cephalopods presumably has the same status. In N. diversicolor at least, the greater part of the genetic program for postreproductive survival may not have been lost (see ref. 26) . It is therefore interesting to speculate that, since the raison d'etre of semelparity in nereids does not, apparently, now apply to this species, its latent capacities for gametogenic cycling may constitute a preadaptation for iteroparity and could facilitate a return to this condition.
